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Introduction
The link between stock prices and exchange rates have received significant attention in the economic and finance literature following integration of economies with the global economy, particularly through limited government control of interest and exchange rates, banking sector, and trade and capital flows in 1980s and 1990s. A few studies from the literature that analyze the dynamics of exchange rates and stock prices have been able to confirm the presence of long run relationship between the two, such as Chorteas et al. (2011) for Saudi Arabia, Oman, Kuwait and Egypt,; Richards et al. (2009) , and Groenewold and Peterson (2013) for Australia; Yau and Nieh (2009) for Taiwan and Japan; Tian and Ma (2010) for China; Tuncer (2014) for Turkey; Harjito and McGowan (2011) for Thailand, Indonesia, Singapore, and Philippines; and Tsagkanos and Siriopoulos (2013) for the US and the EU, among others (Bahmani-Oskooee and Saha, 2018) . The common feature of these studies is that they have all focused on the linear models suggesting that if depreciation of a currency causes stock prices to decline, appreciation is assumed to cause it to rise, or vice versa (Bahmani-Oskooee and Saha, 2018) . However, recently, the attention of researchers has moved towards the use of nonlinear approaches which seem to be better suited to capture the effect of exchange rates on stock prices. This is due to the fact that, since most of the participants in the stock market take their decisions based on their expectations, it is likely that exchange rate changes could have asymmetric impact on stock prices (Bahmani-Oskooee and Saha (2015) .
Considering these arguments, the main objective of this paper is to study the long run dynamics of exchange rates and sectoral stock price indices, in a multivariate model controlling for consumer price index, industrial production index, and money supply. To do so, we employ monthly industrial stock market data for Turkey over the period 2003:M1 to 2016:M12. The motivation for using sectoral data is that different industrial sectors might react differently to changes in exchange rates and other macroeconomic variables considered in this paper. Furthermore, the study period is motivated by the fact that, following the 2000-2001 financial crisis in Turkey, financial markets have been regulated and integrated with global capital structures in accordance with the world standards especially after 2003 (Tezer, 2016) . For our purpose, we analyze 10 sectors 1 and we employ nonlinear autoregressive distributed lags (NARDL) model. The rest of this paper is organized as follows. The second section provides the literature review while section three describes the data and the methodology. The fourth section presents the empirical results and finally, section five concludes the study and discusses ARIMA model. The findings imply no significant effect of oil prices and exchange rates on stock market. He argues that this might due to the weak-form of market efficiency in these countries. Rahman and Uddin (2009) examine the association between stock prices and exchange rate in three emerging economies of South Asia (India, Pakistan and Bangladesh). Their results indicate no causal and cointegration relationship between exchange rates and stock prices in these countries for the period 2003-2008. Regarding the studies that consider a nonlinear relationship between stock prices and exchange rate, Yau and Nieh (2009) , apply threshold error correction model to analyze the effect of exchange rate of the New Taiwan Dollar against the Japanese Yen on stock prices in Japan and Taiwan. The findings indicate a long run equilibrium relationship between NTD/JPY and the Japanese and Taiwanese stock markets over the period January:1991 -March:2008. On the other hand, the results imply an asymmetric threshold cointegration relationship only in Taiwan. Ismail and Isa (2009) investigate non-linear interactions between exchange rate and stock prices in Malaysia using a two regimes multivariate Markov switching vector autoregression (MS-VAR) model with regime shifts in both the variance and the mean. The estimated model reveals that as the stock price index goes up the exchange rate appreciate and vice versa. They also argue that the MS-VAR model fits the data better than the linear VAR does.
Bahmani-Oskooee and Saha (2016), using NARDL approach to cointegration and error correction modeling, investigate the asymmetric impact of exchange rate changes on stock prices in U.K, Japan, Mexico, Korea, Brazil, Canada, Chile, Indonesia, and the Malaysia. Their findings support asymmetric impact of exchange rate changes on stock prices, though the impacts are mostly short-run. This study is extended by BahmaniOskooee and Saha (2018) using monthly time series data from 24 countries to examine the possible asymmetric interaction between exchange rate changes and stock prices. The empirical results indicate that introducing nonlinearity yields relatively more support for asymmetric cointegration compared to symmetric cointegration. Akanni and Isah (2018) use firm level weekly closing stock prices of Nigerian firms and adopt NARDL model to investigate a possible asymmetric relationship between stock prices and exchange rate. The empirical results suggest, for most of the firms, a nonlinear interaction between the two.
Overall, starting early 1970s, especially since 1980s, there has been a large volume of studies exploring the relationship between stock prices and exchange rates in both developing and developed countries. Early studies mostly focus on developed countries, while the concentration has moved towards the developing countries after the Asian financial crisis 1997. Furthermore, most of the studies have solely focused on the symmetric relationship between exchange rate changes and composite stock price indices and achieved statistically significant empirical relationship between these two, especially in the short run. To date a few studies have been able to confirm any long run relationship. However, recently the attention of researchers has moved towards the asymmetric effect of exchange rates.
Data
In this study, we investigate the nonlinear dynamics of stock prices and exchange rate to capture the asymmetric impact of exchange rate changes on stock prices, controlling for consumer price index, industrial index and money supply. For our purpose, we employ Turkish data. Specifically, we employ monthly data of twelve sectoral stock price indices for the period 2003:M1 to 2016:M12, extracted from Istanbul Stock exchange (ISE) database. On the other hand, the data series of money supply (M2) and nominal effective exchange rate are obtained from The Central Bank of Turkey and the data source for consumer price index (CPI, 2010=100) and industrial production index (IPI, 2010=100) is the Turkish Statistical Institute (TURKSTAT). All the variables are transformed into natural log prior to the analysis.
Econometric Methodology
In this paper, following Bahmani-Oskooee and Saha (2015 and 2016), we consider a multivariate model as follows, where the stock price index (SPI) is the function of nominal effective exchange rate (EX), industrial production index (IPI),consumer price index (CPI), and money supply (M2). lnSPI t = α + β 1 EX t + β 2 CPI t + β 3 IPI t + β 4 M2 t + ε t
(1) where ε t is an i.i.d stochastic process.
The sign of β 1 depends on whether more firms gain international competitiveness and export more and more firms are hurt by increase in production costs due to the exchange rate depreciation (decline in nominal effective exchange rate). The sign of β 2 is expected to be negative as high inflation and low stock prices generally tend to go together due to increase in cost of production and increase in nominal risk-free rate of return (Fama, 1981; DeFina, 1991; Geske and Roll, 1983; Chen et al., 1986; Mukherjee and Naka, 1995; Sharpe, 1999) . However, there are studies arguing a possible positive relationship between stock prices and inflation (Ioannidis et al., 2005; Boonyanam, 2014) .
stock prices is still an open question, the literature mostly finds that stock prices and economic activity are positively related (Chen et al., 1986; Ratanapakorn and Sharma, 2007; Cutler et al., 1989; Maysami et al., 2004; Mukherjee and Naka, 1995; among others) . This is due to the argument that increase in industrial production might enhance stock prices by increasing the earnings of firms raising the present value of firms and therefore inducing the investment in stock market (PramodKumar and Puja, 2012) .
In theory, money supply has either negative or positive effect on stock prices (Sellin, 2001; Bernanke and Kuttner, 2005) . However, empirical studies mostly support positive relationship between stock prices and money supply. However, Fama (1980) leaves the question open as money supply triggers inflation which in turn might cause stock prices to decline (Bahmani-Oskooee and Saha, 2016) . Therefore, the sign of β 4 might be either positive or negative.
In Equation 1, the estimated coefficients only capture the long run impact of explanatory variables on stock prices. Therefore, an error correction model is used for each sector to estimate both short run and long run effects of the time series variables. In our context, the ARDL (p, q) error correction model (Pesaran and Shin 1999; Pesaran, Shin, and Smith 2001) ) will have the following form:
where x t is a vector of macroeconomic variables considered in this paper(money supply-M2, industrial production index and consumer price index) and μ t is an i.i.d. stochastic process.
The ARDL model in Equation (2) suggests symmetric adjustment in the short-and the long run. It becomes, therefore, inappropriate when the relationship between dependent variable and regressors are nonlinear (asymmetric).
To account for this issue, Shin, Yu, and Greenwood-Nimmo (2011) introduced the NARDL model in which lnEX t can decomposed into negative and positive partial sums 2 :
where 2 Since Nominal Effective Exchange Rate is calculated as a weighted average of bilateral nominal exchange rates of national currency against foreign currencies, a positive change in exchange rate implies an appreciation of home currency while a negative change indicates the depreciation of home currency.
Then the long-run equilibrium relationship can be expressed as
where β + and β − are the asymmetric long-run parameters associated with negative and positive changes in x t , respectively. As shown in Shin et al. (2011) , combining Equations (7) and (2) we can obtain the following asymmetric error correction model which is known as NARDL (p, q) model:
where Ω + = −ωβ + and Ω − = −ωβ − are the long-run effects positive and negative changes in nominal exchange rate on stock prices, whereas the short run impacts of changes in nominal exchange rate on stock prices are measured by ∑ θ i
and
. Hence, in this setting, NARDL model enables us to capture asymmetric long-run as well as short-run impacts of changes in exchange rate on the stock prices.
In the economic literature, the empirical studies on non-linear cointegration have primarily relied on regime switching type models. However, NARDL approach has a number of advantages over the existing class of regime-switching techniques (Greenwood-Nimmo et al., 2011) . First, the NARDL (p, q) model can be estimated simply by the standard OLS. Second, the test for an asymmetric (nonlinear) cointegration relationship between the variables can be easily carried out by means of bounds-testing procedure advanced by Pesaran et al. (2001) and Shin et al. (2011) , based on a modified F-test (denoted as FPSS), which remains valid irrespective of whether the regressors are I(0), I(1) or mutually cointegrated. Third, short-and long-run asymmetries can be estimated using standard Wald tests. In particular, the associated joint null hypothesis for the long-run symmetry is β + = β − whereas for short-run symmetry, the joint null hypothesis is ∑ θ i
(Greenwood-Nimmo et al., 2011).
Empirical findings and Discussion
We first start the analysis by conducting unit root tests for the variables at level and first difference using ADF test since the cointegration test procedure requires that no I(2) variables are involved in the model. The results are presented in Table 1 -2 and the findings of ADF test confirm that none of the variables is I(2). Regarding the estimation of Equation 8, applying general to specific procedure to determine the lag length in each case by fixing max p = max q = 12, we arrive at the final model specification and the results are reported in Table 3 . The subscripts "+" and "-" denote positive and negative partial sums, respectively. L + and L -are the estimated long-run coefficients defined by + = − Ω + ⁄ and − = − Ω − ⁄ , respectively. FPSS is the F-test proposed by Pesaran, Shin and Smith (2001) for the joint null of = Ω + = Ω − = 0. WLR is the long-run symmetrical Wald test, respectively, on the null of Ω + = Ω − .LM test is the Lagrange multiplier test for serial correlation, BPG is the Breusch-Pagan-Godfrey test for conditional heteroscedasticity and RESET is Ramsey's test for misspecification. p -values are displayed in brackets. ***, ** and * denote significance at the %1, %5 and %10 levels, respectively. The subscripts "+" and "-" denote positive and negative partial sums, respectively. L + and L -are the estimated long-run coefficients defined by + = − Ω + ⁄ and − = − Ω − ⁄ , respectively. FPSS is the F-test proposed by Pesaran, Shin and Smith (2001) for the joint null of = Ω + = Ω − = 0. WLR is the long-run symmetrical Wald test, respectively, on the null of Ω + = Ω − .LM test is the Lagrange multiplier test for serial correlation, BPG is the Breusch-Pagan-Godfrey test for conditional heteroscedasticity and RESET is Ramsey's test for misspecification. p -values are displayed in brackets. ***, ** and * denote significance at the %1, %5 and %10 levels, respectively. The subscripts "+" and "-" denote positive and negative partial sums, respectively. L + and L -are the estimated long-run coefficients defined by + = − Ω + ⁄ and − = − Ω − ⁄ , respectively. FPSS is the F-test proposed by Pesaran, Shin and Smith (2001) for the joint null of = Ω + = Ω − = 0. WLR is the long-run symmetrical Wald test, respectively, on the null of Ω + = Ω − .LM test is the Lagrange multiplier test for serial correlation, BPG is the Breusch-Pagan-Godfrey test for conditional heteroscedasticity and RESET is Ramsey's test for misspecification. p -values are displayed in brackets. ***, ** and * denote significance at the %1, %5 and %10 levels, respectively.
As a starting point, the long run coefficient of industrial production is significantly positive in 4 sectors (ISE National 100, ISE National 30, ISE Information Services, ISE Insurance), and significantly negative only for ISE Transportation. In three industries (ISE Bank, ISE Communication, ISE Main Metal) the coefficient for industrial production is positive but insignificant. For ISE Textile, on the other hand, the coefficient is negative but insignificant.
The results also suggest that consumer price index is significantly negatively correlated with stock prices in 4 sectors (ISE Bank, ISE Information Services and ISE Textile) but the coefficient for CPI is significant and positive in ISE Main Metal. On the other hand, for the other sectors the results produce insignificant coefficients which are positive for ISE National 30, ISE National 100, ISE Communication, ISE Metal Goods, ISE Insurance, ISE Transportation.
Furthermore, for seven sectors (ISE National 30, ISE National 100, ISE Bank, ISE Communication, ISE Main Metal, ISE Metal Goods, ISE Insurance), the empirical results indicate significant and positive effect of money supply on stock prices. Only for ISE Information Services, this effect is negative but statistically insignificant. For ISE Textile and ISE Transportation, the coefficients for money supply are positive but insignificant.
Regarding the impact of exchange rate changes in the long run, the empirical results suggest an asymmetric effect of exchange rate changes on stock prices in six sectors (ISE National 30, ISE National 100, ISE Information Services, ISE Main Metal, ISE Metal Goods, ISE Insurance). In particular, for ISE National 100, ISE Main Metal and ISE Insurance the appreciation of national currency has a positive impact on stock prices of a larger magnitude than that of national currency depreciation, with the latter being statistically insignificant. However, in ISE Information Services sector, the appreciation of national currency has a negative effect on stock prices of a larger magnitude than that of depreciation of national currency, with the latter being statistically insignificant. In ISE Metal Goods sector, the effects of both the appreciation and depreciation of national currency are negative. However, only the coefficient of positive change in nominal effective exchange rate is statistically significant. On the other hand, the empirical results indicate no asymmetric impact of exchange rate on stock prices for the other sectors (ISE Bank, ISE Communication, ISE Transportation and ISE Textile). Therefore, the findings indicate an incomplete pass-through effect of exchange rate on stock prices for six sectors and no asymmetric adjustment in the long run for four sectors. In addition, concentrating on the effect of exchange rate changes in the short run; our findings support a short run asymmetry in all sectors but in ISE Information Services.
In sum, our results reveal that firms in over half the industries respond asymmetrically to appreciations and depreciations in the long-and short-run. One of the explanations for this asymmetry is firms' pricing strategies to maintain market share. Import oriented firms may tend to adjust their markups to increase their market share when national currency appreciates and absorb the increased cost of imported inputs when national currency depreciates to maintain their market share. In both cases, the profits decline but in different magnitude. Another explanation for asymmetry is production switching. Importing firms may switch to domestically produced inputs when national currency depreciates and switch to imported inputs when national currency appreciates. This leads to an incomplete pass-through of exchange rates to import prices and therefore firms' profits. On the other hand, exporting firms may not be able to expand their capacity and may not fully react to national currency depreciation as they respond to appreciation of national currency.
On the other hand, regarding the adequacy of the dynamic specification of the model, the Breusch-Godfrey Lagrange Multiplier (LM) test for serial correlation and the BreuschPagan-Godfrey (BPG) test for conditional heteroscedasticity indicate that the model is correctly specified for all the sectors. Furthermore, the Ramsey Regression Equation Specification Error (Ramsey RESET) test results imply that the model is correctly specified for most of the sectors. Moreover, the CUSUM and CUSUM of squares tests provided in the appendix suggest that the models are stable for most of the industries.
Conclusion
Since the early 1980s, there has been a large volume of studies exploring the relationship between stock prices and exchange rates. Most of these studies have assumed that the association between these two is linear. However, recently, the attention of researchers has moved towards the use of nonlinear approaches which seem to be better suited to capture the impact of exchange rates on stock prices
In light of this knowledge, we empirically research the impact of nominal effective exchange rate changes on sectoral stock price indices in Turkey in a multivariate model controlling for industrial production index, money supply and consumer price index. For this purpose, we adopt nonlinear autoregressive distributed lags (NARDL) model developed by Shin et al. (2014) .
Our findings affirm the presence of a nonlinear impact of exchange rate on stock prices in the long run for ISE National 100, ISE National 30, ISE Information Services, ISE Main Metal, ISE Metal Goods, ISE Insurance. The results also support short-run asymmetry for all sectors considered in this study, except for ISE Information Services. Therefore, these findings indicate an incomplete pass-through impact of exchange rate to stock prices both in the long-and short-run.
Regarding the effect of CPI, IPI and M2, our findings indicate that, for majority of industries, consumer price index is significantly negatively correlated with stock prices in the long-run whereas the long-run impact of money supply and industrial production index on stock prices is positive. 
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